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Abstract 
The Đliŵatologies of fiǀe tƌopiĐal loǁ-leǀel jets aƌe studied thƌough Quik“Đat, CCMP, ERA-IŶteƌiŵ, aŶd 
NCEP-DOE data. Thƌee of the jets —the TehuaŶtepeĐ jet, the PapagaǇo jet, aŶd the PaŶaŵa jet– aƌe 
assoĐiated ǁith topogƌaphiĐ gaps iŶ CeŶtƌal AŵeƌiĐa. The otheƌ tǁo jets —the CaƌiďďeaŶ loǁ-leǀel jet 
;CLLJͿ aŶd the ChoĐo jet— seeŵ to ďe assoĐiated ǁith the stƌeŶghteŶig of NA“H aŶd a teŵpeƌatuƌe 
gƌadieŶt ďetǁeeŶ oĐeaŶd aŶd ĐoŶtiŶeŶt, ĐoƌƌespoŶdiŶglǇ. The ĐliŵatologiĐal aŶalǇsis of the fiǀe jets 
shoǁs siŵilaƌ aŶŶual ĐǇĐles at the suƌfaĐe, eǆĐept foƌ the CLLJ, ǁhiĐh has tǁo ŵaǆiŵa, oŶe duƌiŶg 
suŵŵeƌ aŶd duƌiŶg ǁiŶteƌ. 
At suƌfaĐe leǀel, the CCMP data shoǁs a stƌoŶgeƌ CLLJ duƌiŶg ǁiŶteƌ thaŶ iŶ suŵŵeƌ, although 
Quik“Đat shoǁs a suŵŵeƌ CLLJ alŵost as stƌoŶg as the ǁiŶteƌ jet, ǁhile suƌfaĐe data fƌoŵ ERA-IŶteƌiŵ 
aŶd NCEP-DOE ƌeaŶalǇses shoǁ a stƌoŶgeƌ suŵŵeƌ CLLJ. The CLLJ, the ChoĐo jet, aŶd the PaŶaŵa 
jet tƌaŶspoƌt ŵoistuƌe to ĐoŶtiŶeŶtal aƌeas, uŶlike the PapagaǇo aŶd TehuaŶtepeĐ jets, ǁhiĐh eǆit 
sigŶifiĐaŶt topogƌaphiĐ gaps aŶd geŶeƌate a ǁiŶd stƌess Đuƌl that eǆĐites EkŵaŶ puŵpiŶg aŶd upǁelliŶg 
iŶ the uŶdeƌlǇiŶg oĐeaŶ. The upǁelliŶg Đaused ďǇ the PapagaǇo jet aids iŶ the geŶeƌatioŶ of the Costa 
RiĐa Doŵe ;i.e. shoaliŶg of the theƌŵoĐliŶeͿ, ǁhiĐh pƌoduĐes a hole iŶ ITC) pƌeĐipitatioŶ. 
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Resumen 
La Đliŵatología de ĐiŶĐo Đhoƌƌos tƌopiĐales de ďajo Ŷiǀel se estudia a tƌaǀés de datos de Quik“Đat, 
CCMP, ERA-IŶteƌiŵ Ǉ NCEP-DOE. Tƌes de los Đhoƌƌos o ͞jets’’—el TehuaŶtepeĐ, PapagaǇo Ǉ PaŶaŵá—, 
estáŶ asoĐiados a ďƌeĐhas topogƌáfiĐas eŶ CeŶtƌo AŵéƌiĐa. Los otƌos dos Đhoƌƌos —el del Caƌiďe Ǉ 
el ChoĐó—, paƌeĐeŶ estaƌ asoĐiados ĐoŶ el foƌtaleĐiŵieŶto de NA“H Ǉ uŶ gƌadieŶte de teŵpeƌatuƌa 
eŶtƌe el oĐéaŶo Ǉ el ĐoŶtiŶeŶte, ĐoƌƌespoŶdieŶteŵeŶte. El aŶálisis ĐliŵatológiĐo de los ĐiŶĐo Đhoƌƌos 
ŵuestƌa ĐiĐlos aŶuales siŵilaƌes eŶ supeƌfiĐie, eǆĐepto el CLLJ, el Đual tieŶe dos ŵáǆiŵos, uŶo duƌaŶte 
el ǀeƌaŶo Ǉ el otƌo duƌaŶte el iŶǀieƌŶo. 
A Ŷiǀel supeƌfiĐial, los datos del CCMP ŵuestƌaŶ uŶ CLLJ ŵás fueƌte duƌaŶte el iŶǀieƌŶo Ƌue el ǀeƌaŶo, 
auŶƋue Quik“Đat ŵuestƌa uŶ CLLJ eŶ ǀeƌaŶo Ƌue es Đasi taŶ iŶteŶso Đoŵo el del iŶǀieƌŶo, ŵieŶtƌas Ƌue 
los datos de ƌeaŶálisis ERA-IŶteƌiŵ Ǉ NCEP-DOE ŵuestƌaŶ uŶ CLLJ ŵás iŶteŶso eŶ el ǀeƌaŶo. Los jets 
CLLJ, ChoĐó Ǉ PaŶaŵá tƌaŶspoƌtaŶ huŵedad a áƌeas ĐoŶtiŶeŶtales, ĐoŶtƌaƌio a lo Ƌue suĐede ĐoŶ el jet 
de PapagaǇo Ǉ el de TehuaŶtepeĐ, los Đuales saleŶ de ďƌeĐhas topogƌáfiĐas sigŶifiĐatiǀas Ǉ geŶeƌaŶ uŶ 
ƌotoƌ eŶ el estƌés de ǀieŶto Ƌue estiŵula el ďoŵďeo de EkŵaŶ Ǉ poƌ lo taŶto la suƌgeŶĐia eŶ la paƌte 
supeƌfiĐial del oĐéaŶo. La suƌgeŶĐia geŶeƌada poƌ el jet de PapagaǇo ĐoŶtƌiďuǇe a la geŶeƌaĐióŶ del 
Doŵo de Costa RiĐa ;i.e., posiĐioŶaŵieŶto de la teƌŵoĐliŶa a Ŷiǀeles supeƌfiĐialesͿ, lo Đual pƌoduĐe uŶ 
agujeƌo eŶ la pƌeĐipitaĐióŶ asoĐiada a la ITC). 
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1.  Introduction: 
Climatological Review 
“ustaiŶed high speed ǁiŶd stƌeaŵs, that last 
ŵoŶths, aƌe oteŶ Đalled ͞jets .͟ “oŵe of these jets 
aƌe ƌegaƌded as laƌge sĐale loǁ-leǀel jets, ǁhile 
otheƌs aƌe kŶoǁŶ as ͞ gap jets ,͟ as these aƌe stƌoŶg 
ǁiŶds deǀeloped ateƌ passiŶg topogƌaphiĐ gaps. 
This seĐioŶ disĐusses the iǀe ŵost iŵpoƌtaŶt jets 
iŶlueŶĐiŶg the tƌopiĐal poƌioŶ of the AŵeƌiĐaŶ 
ĐoŶiŶeŶt, ǁhiĐh aƌe shoǁŶ iŶ iguƌe ϭ. 
1.1.  Large scale low-level jets: Caribbean 
Low Level Jet and Choco Jet 
A stƌoŶg easteƌlǇ ǁiŶd ĐuƌƌeŶt iŶ the CaƌiďďeaŶ 
deǀelops duƌiŶg the ďoƌeal suŵŵeƌ aŶd ƌeaĐhes 
its ŵaǆiŵuŵ ŵagŶitude at ϵϮϱ ŵď iŶ JulǇ. This 
ĐuƌƌeŶt, kŶoǁŶ as the CaƌiďďeaŶ Loǁ Leǀel Jet 
;CLLJͿ, ǁas iƌst studied ďǇ Aŵadoƌ ;ϭϵϵϴͿ ǁho 
used data fƌoŵ the NCEP/NCAR ReaŶalǇsis pƌojeĐt 
;KalŶaǇ et al. ϭϵϵϲͿ foƌ the ďoƌeal suŵŵeƌs of 
ϭϵϴϮ to ϭϵϵϰ. Aŵadoƌ ;ϭϵϵϴͿ, fouŶd aŶ iŶteƌesiŶg 
ĐliŵaiĐ ĐhaƌaĐteƌisiĐ iŶ the tƌopiĐal ƌegioŶ of the 
AŵeƌiĐaŶ ĐoŶiŶeŶt: aŶ iŶteŶse ǁiŶd ĐuƌƌeŶt at 
loǁ leǀels of the tƌopiĐal atŵospheƌe, espeĐiallǇ 
at ϵϮϱ, ϴϱϬ aŶd ϳϬϬ ŵď, ǁith ŵeaŶ ǁiŶds of ϭϱ m 
s-1 ;Tƌasǀiña & Aŵadoƌ, ϮϬϬϱͿ. This ǁiŶd ĐuƌƌeŶt 
has ďeeŶ kŶoǁŶ siŶĐe theŶ as the CaƌiďďeaŶ Loǁ 
Leǀel Jet ;CLLJͿ, ďut iŶ ƌeĐeŶt studies it has ƌeĐeiǀed 
aŶotheƌ Ŷaŵe, the IŶtƌa-AŵeƌiĐas Loǁ-Leǀel Jet 
;IALLJͿ. The CLLJ is ďaƌotƌopiĐallǇ uŶstaďle aŶd 
ĐeŶteƌed ďetǁeeŶ ϭϯ.Ϭ° aŶd ϭϱ.Ϭ°N aŶd ďetǁeeŶ 
ϳϬ.Ϭ° aŶd ϴϬ.Ϭ° W ;Aŵadoƌ, ϭϵϵϴ; Aŵadoƌ & 
Magaña ϭϵϵϵ; Aŵadoƌ, Magaña & Péƌez, ϮϬϬϬͿ. 
DuƌiŶg the ďoƌeal suŵŵeƌ, ǁheŶ the jet is aĐiǀe, 
the huŵiditǇ fƌoŵ the CaƌiďďeaŶ is pushed 
ǁestǁaƌd aŶd ĐoŶǀeƌges at the CaƌiďďeaŶ Đoast 
ďetǁeeŶ NiĐaƌagua aŶd Costa RiĐa, pƌoduĐiŶg 
stƌoŶg pƌeĐipitaioŶ oǀeƌ the east Đoasts of these 
ĐouŶtƌies aŶd Ŷo pƌeĐipitaioŶ at all oǀeƌ the 
CaƌiďďeaŶ “ea. The iŶlueŶĐe of this jet eǆteŶds 
iŶto the Ŷoƌth PaĐiiĐ, east of ϭϮϬ.Ϭ° W, pƌoduĐiŶg 
ŵesosĐale eddies that afeĐt the ĐiƌĐulaioŶ iŶ the 
aƌea ;Aŵadoƌ, Alfaƌo, LizaŶo & Magaña, ϮϬϬϲͿ. 
ReseaƌĐh doŶe ďǇ WaŶg aŶd Lee ;ϮϬϬϳͿ shoǁs 
that the CLLJ foƌŵs ǁheŶ the Noƌth AtlaŶiĐ 
“uďtƌopiĐal High ;NA“HͿ is stƌoŶg aŶd displaĐed 
Figuƌe ϭ. TƌopiĐal Loǁ Leǀel Jets, sĐheŵaiĐ ǀieǁ.
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to the ǁest, ĐƌeaiŶg a pƌessuƌe gƌadieŶt that 
aĐĐeleƌates the easteƌlǇ ǁiŶds iŶ the CaƌiďďeaŶ. 
As the NA“H eǆteŶds ǁestǁaƌd aŶd ƌetƌeats 
eastǁaƌd duƌiŶg the Ǉeaƌ, the CLLJ has a 
seŵiaŶŶual ǀaƌiaďilitǇ: tǁo ŵaǆiŵa iŶ the suŵŵeƌ 
aŶd ǁiŶteƌ, aŶd tǁo ŵiŶiŵa iŶ the spƌiŶg aŶd fall, 
diƌeĐtlǇ assoĐiated ǁith the NA“H displaĐeŵeŶt. 
The stƌeŶgth of the CLLJ ǀaƌies ǁith the phase of 
EN“O ;Moƌa & Aŵadoƌ, ϮϬϬϬͿ, haǀiŶg a stƌoŶgeƌ 
easteƌlǇ ĐoŵpoŶeŶt ;ϭ m s-1 Ŷegaiǀe aŶoŵalǇͿ 
duƌiŶg the ǁaƌŵ phase ;El NiñoͿ aŶd ǁeakeƌ 
easteƌlǇ ĐoŵpoŶeŶt ;ϭ.ϱ m s-1 posiiǀe aŶoŵalǇͿ 
duƌiŶg the Đold phase ;La NiñaͿ.
IŶ ƌegaƌd to the ChoĐó jet, speĐial ateŶioŶ has 
ďeeŶ giǀeŶ to it oŶ the PaĐiiĐ Đoast of Coloŵďia 
;Poǀeda & Mesa, ϭϵϵϵ, ϮϬϬϬ; Poǀeda, ϮϬϬϰͿ; a 
tƌopiĐal loǁ leǀel jet ďetǁeeŶ ϭϬϬϬ aŶd ϵϬϬ ŵď, 
ǁhiĐh tƌaŶspoƌts laƌge aŵouŶts of ŵoistuƌe fƌoŵ 
the PaĐiiĐ OĐeaŶ to this paƌt of the ĐoŶiŶeŶt. Its 
iŶteŶsitǇ deĐƌeases duƌiŶg El Niño aŶd iŶteŶsiies 
duƌiŶg La Niña, afeĐiŶg the hǇdƌoĐliŵatologǇ of 
ǁesteƌŶ aŶd ĐeŶtƌal Coloŵďia. Moƌeoǀeƌ, the ƌaiŶ 
oǀeƌ the AŶdes iŶ Coloŵďia afeĐts the pƌeĐipitaioŶ 
oǀeƌ the PaĐiiĐ OĐeaŶ Ŷeaƌ the ColoŵďiaŶ Đoast, 
as a feedďaĐk ŵeĐhaŶisŵ. AĐĐoƌdiŶg to ƌeseaƌĐh 
doŶe ďǇ Poǀeda ;ϮϬϬϰͿ, the pƌeĐipitaioŶ oǀeƌ the 
ColoŵďiaŶ Đoast is ďetǁeeŶ ϴϬϬϬ aŶd ϭϯϬϬϬ ŵŵ/
Ǉeaƌ, ǁhiĐh ƌaŶks as oŶe of the ƌaiŶiest plaĐes iŶ 
the ǁoƌld. The loǁ-leǀel ;ϴϬϬ-ϭϬϬϬ ŵďͿ ǁesteƌlǇ 
ŵoistuƌe adǀeĐioŶ is stƌoŶgeƌ duƌiŶg “epteŵďeƌ 
– Noǀeŵďeƌ. A detailed ĐliŵatologǇ of ƌaiŶfall iŶ 
this ƌegioŶ aŶd ŶuŵeƌiĐal ŵodel siŵulaioŶs aƌe 
desĐƌiďed iŶ ƌeĐeŶt aƌiĐles ďǇ Mapes, WaƌŶeƌ, Xu 
aŶd Negƌi ;ϮϬϬϯaͿ, WaƌŶeƌ, Mapes aŶd Xu ;ϮϬϬϯͿ 
aŶd Mapes, WaƌŶeƌ aŶd Xu ;ϮϬϬϯďͿ. The authoƌs 
Ŷote that the eǆtƌeŵe aŶŶual ƌaiŶfall iŶ this ƌegioŶ 
is ďeĐause the seasoŶal ŵaƌĐh of ƌaiŶfall has a 
Ŷoƌthǁest-southeast aǆis, ǁith ǁesteƌŶ Coloŵďia 
Ŷeaƌ its ĐeŶteƌ. 
The ChoĐo jet eŶeƌgǇ has ďeeŶ eǆplaiŶed ďǇ 
Poǀeda ;ϮϬϬϰͿ as the ƌesult of the PaĐiiĐ sea 
suƌfaĐe teŵpeƌatuƌe gƌadieŶt ;Xie, ϭϵϵϴ; Yu & 
MeĐhoso, ϭϵϵϵ; YiŶ & AlďƌeĐht, ϮϬϬϬ; WallaĐe, 
MitĐhell & Deseƌ, ϭϵϴϵͿ; a gƌadieŶt eǆplaiŶed ďǇ 
the PaĐiiĐ Đold toŶgue loĐated oŶ the ǁest Đoast 
of EĐuadoƌ aŶd Peƌu, aŶd the ǁaƌŵ teŵpeƌatuƌe 
fƌoŵ ĐoŶiŶeŶtal ǁest Coloŵďia. The PaĐiiĐ 
Đold toŶgue ĐaŶ ďe eǆplaiŶed ďǇ ǁiŶd-dƌiǀeŶ 
EkŵaŶ tƌaŶspoƌt aŶd ĐaŶ ďe fouŶd fƌoŵ JulǇ to 
Noǀeŵďeƌ duƌiŶg aǀeƌage Ǉeaƌs ;Aŵadoƌ et al., 
ϮϬϬϲ; CheltoŶ, et al., ϮϬϬϭͿ.
As alƌeadǇ said, the ChoĐo jet has its ŵaǆiŵuŵ 
ǁiŶd speed duƌiŶg “epteŵďeƌ – Noǀeŵďeƌ, ǁith 
ǀalues ďetǁeeŶ ϲ-ϴ m s-1, ǁheƌeas it is ǁeakeƌ 
duƌiŶg FeďƌuaƌǇ-MaƌĐh, aŶd it iŶteƌaĐts ǁith the 
topogƌaphǇ aŶd the tƌade ǁiŶds ;Poǀeda & Mesa, 
ϮϬϬϬͿ. CalĐulaiŶg the suƌfaĐe aiƌ teŵpeƌatuƌe 
aŶoŵalies ďetǁeeŶ ĐoŶiŶeŶtal Coloŵďia aŶd the 
Niño ϭ+Ϯ aƌea, Poǀeda aŶd Mesa ;ϮϬϬϬͿ fouŶd 
that the gƌadieŶt is stƌoŶgest aƌouŶd OĐtoďeƌ 
aŶd Noǀeŵďeƌ, ǁhiĐh is ĐoŶsisteŶt ǁith the iŵe 
of ŵaǆiŵuŵ aĐiǀitǇ of the ChoĐo jet. Theƌefoƌe, 
aĐĐoƌdiŶg to these ƌesults, the stƌeŶgth of the 
ChoĐo jet ŵaǇ ďe liŶked to the teŵpeƌatuƌe 
gƌadieŶt ďetǁeeŶ laŶd aŶd oĐeaŶ. This also 
eǆplaiŶs the deiĐit of pƌeĐipitaioŶ duƌiŶg El Niño 
Ǉeaƌs, ďeĐause the jet is ǁeakeƌ ǁheŶ the Niño 
ϭ+Ϯ aƌea is ǁaƌŵeƌ. 
1.2.  Gap Jets: Tehuantepec, 
Papagayo and Panama Jets 
Theƌe aƌe ƌegioŶs of CeŶtƌal AŵeƌiĐa aŶd MeǆiĐo 
ǁheƌe the topogƌaphǇ alloǁs the stƌoŶg easteƌlies 
fƌoŵ the CaƌiďďeaŶ to Đƌoss the ĐoŶiŶeŶt aŶd 
ƌeaĐh the PaĐiiĐ. These ƌegioŶs oteŶ ƌefeƌƌed to as 
͞gaps,͟  haǀe ďeeŶ studied ďǇ seǀeƌal authoƌs ;Xie, 
Xu, Kessleƌ & NoŶaka, ϮϬϬϱ; UŵataŶi & Yaŵagata, 
ϭϵϵϭ; Fiedleƌ, ϮϬϬϮͿ. “tƌoŶg ǁiŶds ĐoŵiŶg fƌoŵ 
these gaps geŶeƌate the TehuaŶtepeĐ, PapagaǇo 
aŶd PaŶaŵa jets, ǁith aǀeƌage ŵagŶitudes of 
appƌoǆiŵatelǇ ϭϬ m s-1 duƌiŶg the ďoƌeal ǁiŶteƌ. 
The diƌeĐioŶ of the TehuaŶtepeĐ aŶd PaŶaŵa jets 
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is southǁaƌd, ǁhile the diƌeĐioŶ of the PapagaǇo 
jet ǀaƌies ďetǁeeŶ ǁest aŶd south-ǁestǁaƌd. 
The TehuaŶtepeĐ jet is stƌoŶgest duƌiŶg OĐtoďeƌ-
FeďƌuaƌǇ, ǁhiĐh has ďeeŶ eǆplaiŶed as a pƌoduĐt 
of the high pƌessuƌe iŶ the Gulf of MeǆiĐo 
assoĐiated ǁith Đold fƌoŶts fƌoŵ Noƌth AŵeƌiĐa, 
tƌiggeƌiŶg the aĐĐeleƌaioŶ of ǁiŶds thƌough this 
gap aŶd pƌoduĐiŶg the TehuaŶtepeĐ Jet ;CheltoŶ, 
FƌeiliĐh & EsďeŶseŶ, ϮϬϬϬͿ. 
The PapagaǇo aŶd PaŶaŵa jets aƌe stƌoŶgest 
duƌiŶg DeĐeŵďeƌ-Apƌil aŶd, as ǁell as ǁith the 
TehuaŶtepeĐ jet, haǀe ďeeŶ assoĐiated ǁith 
Đold fƌoŶt ŵeĐhaŶisŵs. Hoǁeǀeƌ, CheltoŶ et al. 
;ϮϬϬϬͿ shoǁed thƌough staisiĐal aŶalǇsis, that 
this hǇpothesis is iŶĐoƌƌeĐt, siŶĐe the ĐoƌƌelaioŶ 
aŶalǇsis ďetǁeeŶ the PaĐiiĐ tƌade ǁiŶds aŶd 
the CaƌiďďeaŶ tƌade ǁiŶds is stƌoŶgeƌ, shoǁiŶg 
that the PaŶaŵa jet is ŵoƌe ƌelated to ŶoƌtheƌlǇ 
ǁiŶds oǀeƌ the southeƌŶ CaƌiďďeaŶ sea ǁhile 
the PapagaǇo jet is ƌelated to ǁiŶds ǁith easteƌlǇ 
ĐoŵpoŶeŶt oǀeƌ the southeƌŶ CaƌiďďeaŶ sea. 
The saŵe studies shoǁ hoǁ the TehuaŶtepeĐ 
aŶd PaŶaŵa jets tuƌŶ aŶiĐǇĐloŶiĐallǇ toǁaƌd 
the ǁest, ǁhiĐh is ĐoŶsisteŶt ǁith jets that aƌe 
iŶeƌiallǇ ďalaŶĐed at the Đoast aŶd ďeĐoŵe ŵoƌe 
geostƌophiĐallǇ ďalaŶĐed ǁith distaŶĐe aǁaǇ 
fƌoŵ the Đoast. The PapagaǇo Jet does Ŷot haǀe 
this aŶiĐǇĐloŶiĐ tuƌŶ, ǁhiĐh leads the authoƌs 
to suggest that the ǁiŶds aƌe geostƌophiĐallǇ 
ďalaŶĐed thƌough the PapagaǇo gap. 
The TehuaŶtepeĐ aŶd PapagaǇo jets shoǁ a seĐoŶd 
ŵaǆiŵuŵ duƌiŶg JulǇ-August. AĐĐoƌdiŶg to Xie et 
al. ;ϮϬϬϱͿ, this ďehaǀioƌ Đould ďe ƌelated to the 
ŵid suŵŵeƌ dƌought. The PaŶaŵa jet disappeaƌs 
ateƌ Apƌil, ǁhile the otheƌ jets staǇ aĐiǀe ďut 
ǁeakeƌ, uŶil “epteŵďeƌ, ǁheŶ the PapagaǇo jet 
ǀaŶishes. IŶ the pƌeǀiouslǇ ŵeŶioŶed studies 
aďout gap loǁs, it has ďeeŶ shoǁŶ that the 
ITC) aŶd the jets iŶteƌaĐt, ǁith the stƌoŶg jets 
iŶhiďiiŶg pƌeĐipitaioŶ ǁheŶ the ITC) ŵigƌates 
Đlose to theŵ. 
As the loǁ leǀel jets ŵeŶioŶed iŶ this iŶtƌoduĐtoƌǇ 
seĐioŶ plaǇ aŶ iŵpoƌtaŶt ƌole iŶ the tƌopiĐal 
dǇŶaŵiĐs, soŵeiŵes iŶhiďiiŶg oƌ eŶhaŶĐiŶg 
ĐoŶǀeĐioŶ, the pƌeseŶt studǇ seeks to uŶdeƌstaŶd 
theiƌ ĐliŵatologǇ. 
2.  Data and methodology 
A dataďase has ďeeŶ ĐoŶstƌuĐted to Đoŵpute 
aŶd displaǇ iŶfoƌŵaioŶ aďout the sea suƌfaĐe 
ǁiŶds aŶd theiƌ ǀeƌiĐal pƌoile. The suƌfaĐe ǁiŶd 
data used to ĐoŶstƌuĐt the ŵoŶthlǇ plots, has 
ďeeŶ oďtaiŶed fƌoŵ the CCMP aŶalǇsis ;Cƌoss-
Caliďƌated Muli-PlafoƌŵͿ, eǆtƌaĐiŶg a peƌiod 
fƌoŵ ϭϵϵϬ to ϮϬϭϭ ;Atlas et al, ϮϬϭϭͿ. This dataďase 
has a spaial ƌesoluioŶ of Ϭ.Ϯϱ°, aŶd ĐoŵďiŶes 
Đƌoss-Đaliďƌated satellite suƌfaĐe ǁiŶds, deƌiǀed 
fƌoŵ ŵiĐƌoǁaǀe ƌadioŵeteƌs aŶd sĐateƌoŵeteƌs. 
The otheƌ souƌĐe of suƌfaĐe ǁiŶd data takeŶ iŶto 
aĐĐouŶt oŶ this studǇ is Quik“Đat ;PeƌƌǇ, ϮϬϬϭͿ, 
ǁith a iŵe ƌesoluioŶ of ϭϮ houƌs, hoǁeǀeƌ the 
ŵoŶthlǇ ŵeaŶ is ĐalĐulated to ďuild the dataďase, 
ǁhiĐh iŶĐludes data fƌoŵ ϮϬϬϬ to ϮϬϬϳ. It has a 
spaial ƌesoluioŶ of Ϭ.Ϯϱ°, aŶd ƌaiŶ-lagged ǁiŶd 
ǀeĐtoƌs haǀe ďeeŶ ƌeŵoǀed. 
To studǇ the ǀeƌiĐal ǀaƌiaioŶ of the ǁiŶd iŶ the jet 
aƌeas, paƌiĐulaƌlǇ the loǁ leǀels of the atŵospheƌe, 
data fƌoŵ the NCEP-DOE ;KaŶaŵitsu et al, ϮϬϬϮͿ 
;ReaŶalǇsis ϮͿ aŶd ERA-IŶteƌiŵ ƌeaŶalǇses ;Dee 
et al, ϮϬϭϭͿ ǁeƌe used, ĐoŵpuiŶg the loŶg teƌŵ 
ŵoŶthlǇ ŵeaŶ of the zoŶal, ŵeƌidioŶal aŶd total 
ǁiŶd. The ƌesoluioŶ of the NCEP data is Ϯ.ϱϬ° ǆ 
Ϯ.ϱϬ°, ǁith ϭϳ sigŶiiĐaŶt leǀels iŶ the ǀeƌiĐal 
ĐoŵpoŶeŶt. The spaial ƌesoluioŶ fƌoŵ the 
ERA-IŶteƌiŵ data is appƌoǆiŵatelǇ ϴϬ kŵ, ǁith 
ϲϬ ǀeƌiĐal leǀels aŶd ŵoŶthlǇ ŵeaŶs fƌoŵ ϭϵϳϵ 
uŶil ϮϬϭϰ. NoŵeŶĐlatuƌe suĐh as WiŶteƌU ŵeaŶs 
zoŶal ĐoŵpoŶeŶt duƌiŶg ǁiŶteƌ aŶd WiŶteƌV is the 
ŵeƌidioŶal ĐoŵpoŶeŶt. The saŵe ĐoŵpoŶeŶts 
aƌe ploted foƌ the otheƌ seasoŶs.
Taďle ϭ shoǁs the geogƌaphiĐ poiŶt loĐaioŶs used 
to deteƌŵiŶe the ǀeƌiĐal pƌoile of eaĐh jet. The 
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Đoƌe of the CaƌiďďeaŶ loǁ-leǀel jet is oďseƌǀed iŶ 
difeƌeŶt laitudes aŶd loŶgitudes, aĐĐoƌdiŶg to 
the seasoŶ, this is ǁhǇ ŵoƌe thaŶ oŶe laitude aŶd 
loŶgitude aƌe shoǁŶ iŶ taďle ϭ, aŶd theǇ ǁill ďe 
pƌeseŶted iŶ seĐioŶ ϯ.ϭ.a. 
Table 1. Geographic point 
locations for calculating the vertical 
proile of the low-level jets
Jet Figure # Laitude Longitude
CaƌiďďeaŶ
ϰa aŶd ϰď
*ϰĐ
*ϰd
*ϰe
ϭϱ.Ϭ N
*ϭϮ.Ϭ N
*ϭϯ.Ϭ N
*ϭϮ.ϱ N
ϳϱ.Ϭ W
*ϳϱ.Ϭ W
*ϳϱ.Ϭ W
*ϳϰ.ϱ W
TehuaŶtepeĐ ϱa aŶd ϱď ϭϱ N ϵϱ.Ϭ W
PapagaǇo ϲa aŶd ϲď ϭϭ.Ϭ N ϴϲ.Ϭ W
PaŶaŵa ϳa aŶd ϳď ϴ.Ϭ N ϳϵ.Ϭ W
ChoĐo ϴa aŶd ϴď ϱ.Ϭ N ϳϴ.Ϭ W
IŶ the folloǁiŶg seĐioŶ, plots of the difeƌeŶt 
ields aƌe pƌeseŶted, aloŶg ǁith disĐussioŶs of the 
ǀaƌious ŵeteoƌologiĐal pheŶoŵeŶa theǇ ƌeǀeal. 
3.  Results
3.1.  Winds 
The Quik“Đat aŶd CCMP ŵoŶthlǇ ŵeaŶ ǀalues of 
suƌfaĐe ǁiŶds aƌe shoǁŶ iŶ iguƌes Ϯ aŶd ϯ. The 
ǀeƌiĐal pƌoiles of the iǀe jets aƌe shoǁŶ iŶ iguƌes 
ϰ to ϴ Đoŵputed ǁith data fƌoŵ the NCEP-DOE aŶd 
ERA–IŶteƌiŵ ŵoŶthlǇ ƌeaŶalǇses, ǁith the leteƌ U 
iŶdiĐaiŶg the zoŶal ĐoŵpoŶeŶt ;doted liŶesͿ aŶd 
V the ŵeƌidioŶal ĐoŵpoŶeŶt ;dashed liŶesͿ. The 
ŵagŶitude of the ǁiŶd is shoǁŶ iŶ solid liŶes. 
3.1.1  Caribbean Low Level Jet 
As shoǁŶ iŶ the ŵoŶthlǇ ŵeaŶs fƌoŵ the Quik“Đat 
aŶd CCMP data ;Figs. Ϯ aŶd ϯͿ, stƌoŶg ŶoƌtheasteƌlǇ 
suƌfaĐe ǁiŶds oĐĐuƌ iŶ the CaƌiďďeaŶ duƌiŶg 
JaŶuaƌǇ, FeďƌuaƌǇ aŶd MaƌĐh ;JFMͿ. The suƌfaĐe 
loǁ iŶ JuŶe, JulǇ aŶd August ;JJAͿ is faiƌlǇ stƌoŶg 
oǀeƌ a laƌge fƌaĐioŶ of the CaƌiďďeaŶ, ďut is 
ǁeakeƌ thaŶ the tƌade loǁ iŶ JFM. NoiĐe that, 
aĐĐoƌdiŶg to liteƌatuƌe ŵeŶioŶed iŶ seĐioŶ ϭ.ϭ, 
the CLLJ peaks iŶ JuŶe aŶd JulǇ, ǁith a stƌoŶg 
easteƌlǇ ĐoŵpoŶeŶt ďetǁeeŶ ϵ aŶd ϭϭ m s-1. 
Hoǁeǀeƌ, iguƌes Ϯ aŶd ϯ ĐoƌƌespoŶd to suƌfaĐe 
data, aŶd the CLLJ is ŵostlǇ deiŶed as a stƌoŶg 
ĐuƌƌeŶt ĐeŶteƌed ďetǁeeŶ ϵϮϱ aŶd ϴϱϬŵď. 
The total ǁiŶd ǀeƌiĐal pƌoile ;solid liŶesͿ oǀeƌ 
ϭϱ.Ϭ° N, ϳϱ.Ϭ° W, shoǁŶ iŶ iguƌes ϰa aŶd ϰď, 
ƌeǀeals that the CLLJ ŵaiŶ peak oĐĐuƌs duƌiŶg 
suŵŵeƌ at appƌoǆiŵatelǇ ϵϮϱ ŵď, ǁith aŶ aǀeƌage 
speed of ϭϯ m s-1. This ƌesult agƌees ǁith pƌeǀious 
studies, displaǇiŶg stƌoŶg jet-like ďehaǀioƌ oŶ loǁ 
leǀels of the atŵospheƌe. 
A seĐoŶd peak at this ǀeƌiĐal leǀel is fouŶd duƌiŶg 
ǁiŶteƌ, ǁith aŶ aǀeƌage speed ďetǁeeŶ ϭϭ aŶd ϭϮ 
m s-1, folloǁed ďǇ sŵalleƌ ďut sill stƌoŶg ǀalues 
duƌiŶg spƌiŶg aŶd fall. The ǀeƌiĐal ǀaƌiaioŶ of 
the zoŶal ǁiŶd ;doted liŶesͿ eǆplaiŶs ŵost of 
the featuƌes of the total ǁiŶd. The stƌoŶgest 
ĐoŵpoŶeŶt of the ŵeƌidioŶal ǁiŶd is oďseƌǀed 
duƌiŶg ǁiŶteƌ at ϭϬϬϬ ŵď, ǁith aŶ aǀeƌage ǀalue 
ďetǁeeŶ -Ϯ aŶd -ϯ m s-1, ĐoƌƌespoŶdiŶg to the 
ŶoƌtheƌlǇ ĐoŵpoŶeŶt of the CLLJ. The ƌest of the 
Ǉeaƌ is ĐhaƌaĐteƌized ďǇ ǁeak ŶoƌtheƌlǇ ǁiŶds. 
DuƌiŶg ǁiŶteƌ, the jet Đoƌe ;ϵϮϱ ŵďͿ displaǇs 
ŶoƌtheƌlǇ ǁiŶds due to the pƌoǆiŵitǇ of NA“H 
as ǁell as the Đold fƌoŶts fƌoŵ the NoƌtheƌŶ 
Heŵispheƌe ŵoǀiŶg southǁaƌd toǁaƌd the 
eƋuatoƌ, ǁhile duƌiŶg suŵŵeƌ ŵoŶths, this 
jet has a sŵall southeƌlǇ ĐoŵpoŶeŶt; hoǁeǀeƌ 
this oŶe is ǁeakeƌ thaŶ the zoŶal ĐoŵpoŶeŶt. 
Ateƌ the ŵeƌidioŶal ǁiŶd ƌeaĐhes a peak iŶ the 
southeƌlies at ϴϱϬ ŵď, it ƌeŵaiŶs ĐoŶstaŶt ǁith 
height ďetǁeeŶ that leǀel aŶd ϳϬϬ ŵď. 
OďseƌǀiŶg iguƌes Ϯ aŶd ϯ, it is ŶoiĐeaďle hoǁ 
the stƌoŶgest easteƌlǇ ǁiŶds iŶ the CaƌiďďeaŶ aƌe 
Ŷot eǆaĐtlǇ loĐated at ϭϱ.Ϭ° N aŶd ϳϱ.Ϭ° W, Ŷoƌ 
is the hoƌizoŶtal size of the jet Đoƌe the saŵe foƌ 
suŵŵeƌ aŶd ǁiŶteƌ; the suŵŵeƌ jet Đoƌe Đoǀeƌs 
a ďiggeƌ hoƌizoŶtal aƌea iŶ the southǁesteƌŶ 
CaƌiďďeaŶ “ea, ǁhile the ǁiŶteƌ jet is sŵalleƌ aŶd 
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Figuƌe Ϯa. “uƌfaĐe ǁiŶds, Quik“Đat.
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Figuƌe Ϯď. “uƌfaĐe ǁiŶds, Quik“Đat.
22 Climatology of the low-level winds over the intra-americas 
sea using satellite and reanalysis data  
Figuƌe ϯa. “uƌfaĐe ǁiŶds CCMP.
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Figuƌe ϯa. “uƌfaĐe ǁiŶds CCMP.
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Figuƌe ϰ. CLLJ ǀeƌiĐal pƌoile usiŶg data fƌoŵ: aͿ 
ERA-IŶteƌiŵ, ϭϱ.Ϭ N, ϳϱ W; ďͿ NCEP-DOE, ϭϱ.Ϭ 
N, ϳϱ W; ĐͿ ERA-IŶteƌiŵ, ϭϮ.Ϭ N, ϳϱ.Ϭ W; dͿ ERA-
IŶteƌiŵ, ϭϯ.Ϭ N, ϳϱ.Ϭ W aŶd eͿ ERA-IŶteƌiŵ, ϭϮ.ϱ 
N, ϳϰ.ϱ W.
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ŵoƌe ĐoŶiŶed. Foƌ iŶstaŶĐe, at suƌfaĐe leǀel, the 
ǁiŶteƌ CLLJ seeŵs to ďe stƌoŶgeƌ aŶd displaĐed 
south-ǁestǁaƌd fƌoŵ the suŵŵeƌ CLLJ. Hoǁeǀeƌ 
liteƌatuƌe suggests that the jet Đoƌe is loĐated 
ďetǁeeŶ ϵϮϱ aŶd ϳϬϬ ŵď, aŶd that the suŵŵeƌ 
jet is stƌoŶgeƌ thaŶ the ǁiŶteƌ jet;, theƌefoƌe the 
suƌfaĐe leǀel is Ŷot a good iŶdiĐatoƌ foƌ iŶdiŶg 
the ŵaiŶ posiioŶ of this ĐuƌƌeŶt. Foƌ this ƌeasoŶ, 
addiioŶal ĐalĐulaioŶs ǁeƌe ŵade, ĐhaŶgiŶg the 
laitude aŶd loŶgitude of the jet Đoƌe iŶ oƌdeƌ to 
iŶd the loĐaioŶ ǁheƌe the jet has its ŵaǆiŵuŵ 
ǁiŶd speed. Taďle ϭ shoǁs the otheƌ ĐooƌdiŶates 
used to iŶd the jet Đoƌe of the CLLJ ;as ǁell as 
ĐooƌdiŶates foƌ the otheƌ jetsͿ, aŶd iguƌes ϰĐ, ϰd 
aŶd ϰe shoǁ the ĐoƌƌespoŶdiŶg ƌesults. Figuƌe ϰĐ 
seeŵs to ƌepƌeseŶt the ǁiŶteƌ jet ďeteƌ thaŶ the 
otheƌ iguƌes, ĐaptuƌiŶg its ŵaǆiŵuŵ stƌeŶgth 
ďeloǁ ϵϮϱ ŵď. OŶ the otheƌ haŶd, iguƌe ϰe 
shoǁs a stƌoŶgeƌ suŵŵeƌ jet ǁheŶ Đoŵpaƌed 
ǁith its sigŶal iŶ otheƌ ĐooƌdiŶates, as shoǁŶ 
fƌoŵ ig. ϰa to ϰd; hoǁeǀeƌ, ig. ϰd is also a good 
ƌepƌeseŶtaioŶ of the jet Đoƌe, although it seeŵs 
to uŶdeƌesiŵate the ŵagŶitude of the ǁiŶd. 
These ƌesults suggest that the posiioŶ of the jet 
Đoƌe ǀaƌies thƌoughout the Ǉeaƌ, ǁith a ǁiŶteƌ CLLJ 
Đloseƌ to CeŶtƌal AŵeƌiĐa, aŶd a suŵŵeƌ CLLJ ŵoƌe 
distaŶt fƌoŵ the ĐoŶiŶeŶt. Although Ŷot shoǁŶ iŶ 
this aƌiĐle, hoƌizoŶtal pƌoiles of the ǁiŶd ǁeƌe 
Đƌeated at ϭϬϬϬ, ϵϮϱ, ϴϱϬ aŶd ϳϬϬ ŵď usiŶg the 
ERA-IŶteƌiŵ data, aŶd it ǁas fouŶd that the jet 
Đoƌe is ilted Ŷoƌthǁaƌd ďetǁeeŶ ϵϮϱ aŶd ϴϱϬ ŵď. 
AddiioŶal studies should ďe ĐoŶduĐted to eǆploƌe 
suĐh theoƌǇ. As the suŵŵeƌ jet is stƌoŶgest at ϵϮϱ 
ŵď, its aǀeƌage loĐaioŶ appeaƌs to ďe ďetǁeeŶ 
ϭϮ.ϱ° aŶd ϭϯ.Ϭ° N, aŶd ďetǁeeŶ ϳϰ.ϱ° aŶd ϳϱ.Ϭ° 
W, ǁheƌeas the ǁiŶteƌ jet is ĐeŶteƌed at ϭϮ.Ϭ° N, 
ϳϱ.Ϭ° W, ďetǁeeŶ ϭϬϬϬ aŶd ϵϮϱ ŵď.  
WheŶ the jet is ĐeŶteƌed at ϭϯ.Ϭ° N aŶd ϳϱ.Ϭ° W, 
ďoth suŵŵeƌ aŶd ǁiŶteƌ jets seeŵ to ďe ǁell 
ƌepƌeseŶted ;iguƌe ϰdͿ, ŵakiŶg these ĐooƌdiŶates a 
good appƌoǆiŵaioŶ of its aǀeƌage aŶŶual posiioŶ. 
3.1.2  Tehuantepec Jet 
The suƌfaĐe ǁiŶd ŵoŶthlǇ iguƌes fƌoŵ Quik“Đat 
;Fig. ϮͿ aŶd CCMP ;Fig. ϯͿ shoǁ aŶ aĐiǀe 
TehuaŶtepeĐ jet fƌoŵ OĐtoďeƌ to FeďƌuaƌǇ, ǁith a 
ŵaǆiŵuŵ speed ǁithiŶ the ƌaŶge of ϳ to ϭϬ m s-1 
iŶ DeĐeŵďeƌ. The ǀeƌiĐal pƌoile of the total ǁiŶd 
fƌoŵ the ERA ReaŶalǇsis ;Fig. ϱaͿ seeŵs to Đaptuƌe 
this ĐuƌƌeŶt ďeteƌ thaŶ the NCEP-DOE ReaŶalǇsis 
;Fig. ϱďͿ. Figuƌe ϱa shoǁs the peak of this jet duƌiŶg 
aͿ        ďͿ
           
Figuƌe ϱ. TehuaŶtepeĐ jet ǀeƌiĐal pƌoile at ϭϱ.Ϭ N, ϵϱ.Ϭ W, fƌoŵ aͿ ERA-IŶteƌiŵ aŶd ďͿ NCEP-DOE.
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ǁiŶteƌ aŶd fall ;solid liŶeͿ, ǁithiŶ ϭϬϬϬ aŶd ϵϮϱ ŵď. 
The saŵe iguƌe shoǁs the ǀeƌiĐal pƌoile of the 
zoŶal ǁiŶd U ;doted liŶeͿ aŶd the ŵeƌidioŶal ǁiŶd 
V ;dashed liŶeͿ. CoŵpaƌiŶg ďoth ĐoŵpoŶeŶts ǁith 
the total ǁiŶd, it is eǀideŶt that the ŵeƌidioŶal 
ĐoŵpoŶeŶt is ƌespoŶsiďle foƌ the ŵaǆiŵuŵ speed 
duƌiŶg ǁiŶteƌ aŶd fall at loǁ leǀels. 
3.1.3  Papagayo Jet 
AĐĐoƌdiŶg to the ƌesults fƌoŵ the Quik“Đat aŶd 
CCMP suƌfaĐe ǁiŶd, the stƌoŶgest aĐiǀitǇ of 
the PapagaǇo jet at suƌfaĐe leǀel oĐĐuƌs fƌoŵ 
DeĐeŵďeƌ to Apƌil, ǁith ŵaǆiŵuŵ speeds of 
ϴ to ϵ m s-1 iŶ JaŶuaƌǇ. This ďehaǀioƌ Đould ďe 
ƌelated to the ŵaǆiŵuŵ stƌeŶgth of the tƌade 
ǁiŶds duƌiŶg this paƌt of the Ǉeaƌ, ĐƌossiŶg the 
ĐoŶiŶeŶt thƌough the laŶd gap oǀeƌ ŶoƌtheƌŶ 
Costa RiĐa, aŶd theƌeďǇ geŶeƌaiŶg the PapagaǇo 
jet. The jet has a seĐoŶdaƌǇ ŵaǆiŵuŵ iŶ JulǇ aŶd 
August, ĐoiŶĐidiŶg ǁith the aĐiǀitǇ of the CLLJ. 
This seĐoŶdaƌǇ ŵaǆiŵuŵ has appƌoǆiŵatelǇ half 
the ŵagŶitude of the JaŶuaƌǇ ŵaǆiŵuŵ.  
The ǀeƌiĐal pƌoiles of the total ǁiŶd ;Fig. ϲa, solid 
liŶesͿ shoǁs the ŵaǆiŵuŵ ǁiŶd speeds duƌiŶg 
ǁiŶteƌ ;ϭϰ to ϭϱ m s-1Ϳ aŶd spƌiŶg ;ϭϬ m s-1Ϳ at ϵϮϱ 
ŵď, eǆplaiŶed ŵostlǇ ďǇ the easteƌlǇ ǁiŶds ;U, 
doted liŶeͿ, ǁhiĐh ƌeaĐhes a peak slightlǇ aďoǀe 
ϵϮϱ ŵď. It is ǁoƌth ŵeŶioŶiŶg that the ǁiŶteƌ peak 
also has a ŵeƌidioŶal ĐoŵpoŶeŶt ;V, dashed liŶeͿ 
ǁhiĐh seeŵs to ďe stƌoŶgeƌ ďeloǁ ϵϮϱ ŵď, heƌeďǇ 
ĐeŶteƌiŶg the sigŶal of the total ǁiŶd at ϵϮϱ ŵď.  
Figuƌe ϲď shoǁs a total ǁiŶd peakiŶg duƌiŶg 
ǁiŶteƌ aŶd spƌiŶg at ϴϱϬ ŵď, doŵiŶated ŵostlǇ 
ďǇ easteƌlǇ ǁiŶds at this leǀel. Hoǁeǀeƌ, Ŷeaƌ 
suƌfaĐe leǀels ;ďeloǁ ϵϮϱ ŵďͿ, ďoth zoŶal aŶd 
ŵeƌidioŶal ĐoŵpoŶeŶts haǀe siŵilaƌ ŵagŶitude 
aŶd ĐoŶtƌiďuioŶ to the total ǁiŶd speed. 
3.1.4  Panama Jet 
The PaŶaŵa jet aƌises duƌiŶg ŶoƌtheasteƌlǇ 
aĐiǀitǇ of the CaƌiďďeaŶ tƌade ǁiŶds, staƌiŶg 
iŶ DeĐeŵďeƌ aŶd stƌeŶgtheŶiŶg thƌoughout 
JaŶuaƌǇ aŶd FeďƌuaƌǇ, ƌeaĐhiŶg a stƌoŶg ŶoƌtheƌlǇ 
ĐoŵpoŶeŶt, alloǁiŶg theŵ to Đƌoss the PaŶaŵa 
gap aŶd eǆteŶd iŶto the PaĐiiĐ oĐeaŶ. IŶ iguƌes 
Ϯa aŶd ϯa, this jet is oďseƌǀed ƌeaĐhiŶg its 
ŵaǆiŵuŵ stƌeŶgth iŶ JaŶuaƌǇ aŶd FeďƌuaƌǇ ;ϲ m 
s-1Ϳ. Although it is Ŷot as stƌoŶg as the PapagaǇo 
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Figuƌe ϲ. PapagaǇo jet ǀeƌiĐal pƌoile  at ϭϭ.Ϭ N, ϴϲ.Ϭ W, fƌoŵ aͿ ERA-IŶteƌiŵ aŶd ďͿ NCEP-DOE.
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aŶd TehuaŶtepeĐ jets, the PaŶaŵa Jet has aŶ 
iŵpoƌtaŶt iŶlueŶĐe oŶ the loĐal sea suƌfaĐe 
teŵpeƌatuƌe ;““TͿ aŶd pƌeĐipitaioŶ. It ǀaŶishes 
ateƌ MaƌĐh, ǁheŶ the southeƌlǇ ǁiŶds fƌoŵ the 
southeƌŶ heŵispheƌe ďegiŶ to stƌeŶgtheŶ aŶd 
ĐoŶǀeƌge iŶto a -sill ƌelaiǀelǇ ǁeak IŶteƌtƌopiĐal 
CoŶǀeƌgeŶĐe )oŶe ;ITC)Ϳ.  
“iŵilaƌ ƌesults ĐaŶ ďe seeŶ iŶ the ǀeƌiĐal pƌoile of 
the total ǁiŶd ;Fig. ϳa aŶd ϳď, solid liŶeͿ, ǁheƌe the 
peak of the jet is fouŶd at ϵϮϱ ŵď duƌiŶg ǁiŶteƌ, 
ǁith aŶ appƌoǆiŵate ŵaǆiŵuŵ speed of ϳ m s-1, 
aŶd ǁithiŶ ϰ aŶd ϱ m s-1 duƌiŶg spƌiŶg seasoŶ. 
NoƌtheƌlǇ ǁiŶd passiŶg thƌough the topogƌaphiĐ 
gap is ƌespoŶsiďle foƌ this jet. Hoǁeǀeƌ oŶ a laƌgeƌ 
sĐale, the zoŶal ǁiŶd ƌegiŵe foƌ these tǁo seasoŶs 
is pƌedoŵiŶaŶtlǇ of easteƌlǇ ǁiŶds, so these ĐaŶ 
also ďe oďseƌǀed stƌeŶgtheŶiŶg the ƌesuliŶg ǁiŶd 
speed duƌiŶg ǁiŶteƌ aŶd spƌiŶg, iŶĐƌeasiŶg iŶ 
ŵagŶitude fƌoŵ the suƌfaĐe iŶto higheƌ leǀels of 
the aƌea seleĐted foƌ this studǇ. 
3.1.5  Choco Jet 
Maǆiŵuŵ ǁiŶd speeds ĐaŶ ďe fouŶd ďetǁeeŶ 
suƌfaĐe aŶd ϵϮϱ ŵď at the loĐaioŶ of the ChoĐo 
Jet, stƌeŶgtheŶiŶg duƌiŶg suŵŵeƌ aŶd ƌeaĐhiŶg its 
ŵaǆiŵuŵ ǀalue of ϯ.ϱ m s-1 duƌiŶg fall ;Fig. ϴa, ϴď, 
solid liŶesͿ. This pateƌŶ is eǆplaiŶed ďǇ the stƌoŶg 
tƌade ǁiŶds fƌoŵ the southeƌŶ heŵispheƌe, 
ďloǁiŶg thƌough the oĐeaŶ aŶd tuƌŶiŶg ƌight Ŷeaƌ 
the ĐoŶiŶeŶt as a ƌespoŶse to the Coƌiolis efeĐt 
aŶd oĐeaŶ-laŶd teŵpeƌatuƌe gƌadieŶt. 
The ƌeaŶalǇsis fƌoŵ ERA-IŶteƌiŵ ;ig. ϴaͿ shoǁs a 
peak oŶ the zoŶal ǁiŶd at ϵϮϱ ŵď that ƌeaĐhes 
its ŵaǆiŵuŵ ǀalue duƌiŶg fall, ǁheƌeas the loǁeƌ 
ƌesoluioŶ of the NCEP ƌeaŶalǇsis ;ig. ϴďͿ displaǇs 
a ŵaǆiŵuŵ zoŶal ǀalue that ƌeŵaiŶs ĐoŶstaŶt 
fƌoŵ the suƌfaĐe to ϵϮϱ ŵď. Although it is Ŷot 
paƌt of the jet, the ŵeƌidioŶal ǁiŶd iŶ that aƌea 
;dashed liŶesͿ shoǁs ŵaǆiŵuŵ ǀalues at ϴϱϬ ŵď 
duƌiŶg ǁiŶteƌ aŶd spƌiŶg, ĐoƌƌespoŶdiŶg to the 
ŶoƌtheƌlǇ iŶĐuƌsioŶ of the tƌade ǁiŶds fƌoŵ the 
ŶoƌtheƌŶ heŵispheƌe, aŶd ďetǁeeŶ ϭϬϬϬ aŶd ϵϮϱ 
ŵď duƌiŶg suŵŵeƌ aŶd fall. 
4.  Conclusions
Vaƌious authoƌs haǀe studied the ǁiŶd ield iŶ 
the tƌopiĐal AŵeƌiĐas, iŶdiŶg seǀeƌal stƌoŶg 
ĐuƌƌeŶts at loǁ leǀels of the atŵospheƌe, kŶoǁŶ 
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Figuƌe ϳ. PaŶaŵa jet ǀeƌiĐal pƌoile  at ϴ.Ϭ N, ϳϵ.Ϭ W, fƌoŵ aͿ ERA-IŶteƌiŵ aŶd ďͿ NCEP-DOE.
28 Climatology of the low-level winds over the intra-americas 
sea using satellite and reanalysis data  
as loǁ-leǀel jets. These jets aƌe iŵpoƌtaŶt foƌ 
ƌedistƌiďuiŶg ŵoistuƌe aŶd ŵoŵeŶtuŵ. The 
Quik“Đat aŶd CCMP data used iŶ this studǇ 
alloǁed us to doĐuŵeŶt the aŶŶual ĐǇĐle of these 
sigŶiiĐaŶt jets oŶ a suƌfaĐe leǀel. 
The ŵost ƌeleǀaŶt featuƌes of the loǁ leǀel jets at 
suƌfaĐe leǀel aƌe: 
• CaƌiďďeaŶ loǁ-leǀel jet iŶ JaŶuaƌǇ, FeďƌuaƌǇ 
aŶd MaƌĐh ;ϭϭ m s-1Ϳ aŶd a seĐoŶd peak iŶ 
JuŶe, JulǇ aŶd August ;ϭϬ m s-1Ϳ.
• TehuaŶtepeĐ jet fƌoŵ OĐtoďeƌ to FeďƌuaƌǇ ;ϭϬ 
m s-1Ϳ aŶd a seĐoŶdaƌǇ ŵaǆiŵuŵ iŶ JulǇ aŶd 
August ;ϰ m s-1Ϳ.
• PapagaǇo jet fƌoŵ DeĐeŵďeƌ to Apƌil ;ϴ m s-1Ϳ 
aŶd a seĐoŶdaƌǇ ŵaǆiŵuŵ iŶ JulǇ aŶd August 
;ϱ m s-1Ϳ.
• PaŶaŵa jet fƌoŵ DeĐeŵďeƌ to FeďƌuaƌǇ ;ϲ m 
s-1Ϳ.
• ChoĐo jet fƌoŵ MaǇ to Noǀeŵďeƌ ;ϱ m s-1Ϳ.
Hoǁeǀeƌ, the use of the ǀeƌiĐal pƌoiles Đoŵputed 
ǁith NCEP-DOE aŶd ERA-IŶteƌiŵ data pƌoǀides 
difeƌeŶt ƌesults; foƌ iŶstaŶĐe, the CLLJ is alŵost 
alǁaǇs stƌoŶgeƌ duƌiŶg suŵŵeƌ thaŶ duƌiŶg 
ǁiŶteƌ, ƌeaĐhiŶg the ŵaǆiŵuŵ speed at ϵϮϱ ŵď 
ǁheƌe the zoŶal ǁiŶd has ŵaǆiŵuŵ easteƌlies 
peƌŵaŶeŶtlǇ. AĐĐoƌdiŶg to the ERA ǀeƌiĐal 
pƌoile, the PapagaǇo jet ƌeaĐhes its ŵaǆiŵuŵ 
speed duƌiŶg ǁiŶteƌ at ϵϮϱ ŵď ;ig. ϲaͿ, aŶd a 
seĐoŶdaƌǇ peak is fouŶd duƌiŶg spƌiŶg at that 
saŵe leǀel; ďoth peaks aƌe ŵostlǇ eǆplaiŶed ďǇ 
the zoŶal ĐoŵpoŶeŶt of the ǁiŶd. OŶ the otheƌ 
haŶd, the NCEP data shoǁs hoǁ this jet ƌeaĐhes 
its ŵaǆiŵuŵ speed duƌiŶg ǁiŶteƌ at ϴϱϬ ŵď. 
The PaŶaŵa jet peaks at ϵϮϱ ŵď duƌiŶg ǁiŶteƌ, 
eǀideŶt iŶ the ǀeƌiĐal pƌoiles fƌoŵ NCEP aŶd 
ERA. The ChoĐo jet appeaƌs ŵaiŶlǇ duƌiŶg fall 
aŶd suŵŵeƌ, ǁith ŵaǆiŵuŵ speeds at ϵϮϱ ŵď. 
With the eǆĐepioŶ of the ChoĐo jet aŶd to soŵe 
eǆteŶt the TehuaŶtepeĐ jet, these jets aƌe diƌeĐtlǇ 
ƌelated to the aŶŶual ĐǇĐle of the Noƌth AtlaŶiĐ 
“uďtƌopiĐal High ;NA“HͿ, kŶoǁŶ also as the 
Beƌŵuda High ǁheŶ the Đoƌe of the high pƌessuƌe 
is loĐated oǀeƌ the ǁest AtlaŶiĐ. The NA“H is ŵoƌe 
iŶteŶse aŶd loĐated faƌtheƌ Ŷoƌth aŶd ǁest duƌiŶg 
the ďoƌeal suŵŵeƌ thaŶ duƌiŶg ǁiŶteƌ. The ǁiŶteƌ 
ŵaǆiŵuŵ of the TehuaŶtepeĐ Jet is pƌoduĐed 
ǁheŶ Đold fƌoŶts ŵoǀe southeast, estaďlishiŶg 
a high pƌessuƌe iŶ the gulf of MeǆiĐo aŶd 
aĐĐeleƌaiŶg the ǁiŶd thƌoughout the Isthŵus of 
TehuaŶtepeĐ. CoŶsideƌiŶg that NA“H is fƌeƋueŶtlǇ 
pushed southǁaƌd ďǇ polaƌ ŵasses fƌoŵ Đold 
fƌoŶts iŶ ǁiŶteƌ, the CLLJ ĐaŶ ďe eǆplaiŶed ďǇ the 
aĐĐeleƌaioŶ of the tƌade ǁiŶds ǁheŶ the NA“H is 
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Figuƌe ϴ. ChoĐo jet ǀeƌiĐal pƌoile  at ϱ.Ϭ N, ϳϴ.Ϭ W, fƌoŵ aͿ ERA-IŶteƌiŵ aŶd ďͿ NCEP-DOE.
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displaĐed southǁaƌd oƌ ǁheŶ it iŶteŶsiies duƌiŶg 
suŵŵeƌ. These stƌoŶg tƌade ǁiŶds Đƌoss the laŶd 
gaps ĐƌeaiŶg Ŷeǁ jets: the PapagaǇo aŶd PaŶaŵa 
jets. IŶ oĐĐasioŶs, the CLLJ ďƌiŶgs pƌeĐipitaioŶ to 
the CaƌiďďeaŶ Đoast ďetǁeeŶ NiĐaƌagua aŶd Costa 
RiĐa, aŶd soŵeiŵes eǀeŶ iŶto ǁesteƌŶ Costa RiĐa. 
The stƌoŶg tƌade ǁiŶds fƌoŵ this jet ĐaŶ ďe felt iŶ 
the CeŶtƌal ValleǇ of Costa RiĐa duƌiŶg the ďoƌeal 
ǁiŶteƌ aŶd suŵŵeƌ. 
The ChoĐo jet is the pƌoduĐt of the ŵeƌidioŶal ““T 
gƌadieŶt ďetǁeeŶ ǁesteƌŶ Coloŵďia aŶd the Cold 
ToŶgue -a ƌegioŶ of Đoldeƌ ““T’s eǆplaiŶed ďǇ ǁiŶd-
dƌiǀeŶ EkŵaŶ tƌaŶspoƌt-, ďƌiŶgiŶg ĐoŶsideƌaďle 
aŵouŶts of pƌeĐipitaioŶ to this ĐouŶtƌǇ. As the 
Cold ToŶgue ǁeakeŶs duƌiŶg El Niño episodes, 
the ŵeƌidioŶal gƌadieŶt of ““T also ǁeakeŶs, as 
does the ChoĐo Jet aŶd ƌaiŶfall aĐiǀitǇ iŶ ǁesteƌŶ 
Coloŵďia.  
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